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Abstract
Cerebral vasospasm and delayed cerebral ischemia are well-known complications of an aneurysmal
subarachnoid hemorrhage (aSAH), generally occurring days to weeks after hemorrhagic ictus. Management
strategies for these complications are controversial and vary in efficacy. There is a growing interest in
supporting the use of intravenous (IV) milrinone to manage vasospasm. A 31-year-old male presented to the
hospital after being found down outside his home. Computed tomography (CT) of the head and subsequent
CT angiogram revealed a Fisher Grade 4 aneurysmal subarachnoid hemorrhage (aSAH). Six hours after
admission, he became hypotensive and his neurological examination declined. A repeat CT head showed a
new, left frontoparietal intracerebral hemorrhage (ICH) along with increasing SAH. He was stabilized with
vasopressors and underwent emergent decompressive hemicraniectomy with subsequent clipping of the
aneurysm. Approximately one week later, transcranial Doppler (TCD) showed increasing mean flow
velocities in the bilateral anterior and middle cerebral arteries consistent with cerebral vasospasm. He was
treated with intravenous milrinone. Repeat TCD 6.5 hours after the initial TCD showed improved mean flow
velocities. His cardiac function by echocardiogram assessment was normal. The decrease in TCD velocity
following treatment with milrinone indicates an improvement in the cerebral vasospasm regardless of
cardiac output in a patient with subarachnoid hemorrhage. This case suggests that augmenting cardiac
output may not be the only mechanism for the therapeutic benefit of milrinone.
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Introduction
Cerebral vasospasm and delayed cerebral ischemia (DCI) are well-known complications of aneurysmal
subarachnoid hemorrhage (aSAH). A vasospasm usually occurs between Days 4 and 10 after initial SAH in
about 30% of the patients but can occur days before and up to weeks after this peak period. Vasospasm may
be related to delayed cerebral ischemia, which is the leading cause of morbidity following aSAH and
generally presents with signs of a focal neurological change or globally as a decreased or altered level of
consciousness [1-2]. Detecting neurological decline in patients with poor baseline neurological examinations
poses a clinical challenge. Monitoring such patients for DCI usually depends on identifying cerebral
vasospasm via a surrogate marker [3]. A monitoring tool for cerebral vasospasm is the transcranial Doppler
(TCD). Once a cerebral vasospasm is identified, therapies are considered that directly counteract vasospasm
and/or improve tissue perfusion [1-3]. Recent studies have shown that the phosphodiesterase 3 inhibitor
milrinone is a potent vasodilator that can be used to increase cardiac output and augment cerebral blood
flow [4]. In this case report, we present a patient with aSAH and a cerebral vasospasm detected by TCD who
was treated with intravenous milrinone. A repeat TCD only hours later showed an improvement in the
cerebral vasospasm despite unchanged cardiac output and transthoracic echocardiography (TTE). This case
highlights the potential utility of intravenous milrinone in cerebral vasospasm irrespective of cardiac
function.

Case Presentation
A 31-year-old man with no known medical history presented after being found down outside his home. On
arrival at the emergency department (ED), he was lethargic but following commands without extremity
weakness. Mild dysarthria was noted. His blood pressure in the ED was 121/57 mmHg. He was not taking any
medications and the toxicology screen was negative. Computed tomography (CT) showed SAH with a large
clot burden in the basal cistern and a left Sylvian fissure (Figure 1A). There was a trace intraventricular
hemorrhage (Fisher Grade 4). A CT angiography of the head and neck was obtained and was negative for a
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vascular abnormality/aneurysm. Serum sodium was 143 mEq/L (normal 135-145 mEq/L). Six hours after
admission, he became stuporous and required intubation. Repeat CT imaging showed increased SAH and
new, left frontoparietal intracerebral hemorrhage (ICH; Figure 1B). His left pupil became dilated and
nonreactive. He was resuscitated with hyperventilation, hyperosmolar therapy, including mannitol and
hypertonic saline, as well as sedation. An external ventricular device (EVD) was placed, which revealed an
elevated opening pressure. He was hemodynamically unstable with fluctuations in blood pressure and heart
rate. He was eventually stabilized with vasopressors and was taken to the operating room for emergent
decompressive hemicraniectomy and clot evacuation. The distal middle cerebral arteries were subsequently
clipped. The post-procedure cerebral angiography was negative for a vascular abnormality/aneurysm. CT
head showed the right frontal EVD, clips in the left middle cerebral artery distribution, and decompressive
hemicraniectomy (Figure 1C).

FIGURE 1: Computed tomography (CT) of the head
(A) At admission: Subarachnoid hemorrhage (SAH) at the basal cisterns; (B) Six hours post-admission: left
intracerebral hemorrhage was noted; (C) Two days post-decompressive craniectomy: hyperdensity in
surgical bed and clips. On the left, the intraventricular hemorrhage is seen in the lateral ventricle with the
external ventricular drain (EVD) in the right frontal horn.

Post-evacuation, he developed refractory intracranial hypertension. He continued to receive osmolar
therapy and eventually required prolonged neuromuscular blockade. His serum sodium increased to 156
mEq/L. Despite the elevated ICP, his cerebral perfusion pressure was maintained. His oxygenation
requirements continued to increase, requiring increasing positive end-expiratory pressure (PEEP). Chest x-
ray showed increasing bilateral pulmonary opacities. He developed a refractory fever that was controlled
with an advanced cooling device (Arctic Sun, Bard Medical Division, Covington, GA, US). He received broad-
spectrum antibiotics for aspiration pneumonia. TTE showed a normal ejection fraction without any areas of
akinesis. On Day 8 of admission, transcranial Doppler (TCD) values for the left middle cerebral artery (MCA)
was 220 cm/s, right MCA was 204 cm/s, right anterior cerebral artery (ACA) was 191 cm/s, left ACA was 89
cm/s, and basilar artery was 102 cm/s. He was treated with milrinone (0.1 mg/kg bolus over 10 minutes; then
0.5-0.75 mcg/kg/min infusion). The repeat TCD on the same day at 6.5 hours after the initial TCD showed
a reduction in mean flow velocities in all vascular territories. Transcranial Doppler (TCD) waveforms from
the left MCA, right ACA, and basilar artery, showing the pre-milrinone waveforms and the post-milrinone
waveform (Figure 2).
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FIGURE 2: Transcranial Doppler (TCD) waveforms
Transcranial Doppler (TCD) waveforms from the left middle cerebral artery, right anterior cerebral artery, and
basilar artery, showing the pre-milrinone waveforms (A) and the post-milrinone waveforms (B).

Left MCA velocity decreased to 171 cm/s (22.27% reduction), right MCA to 156 cm/s (23.52% reduction),
right ACA to 136 cm/s (28.79% reduction), left ACA to 84cm/s (5.61% reduction), and basilar artery to 63
cm/s (38.23% reduction) as cardiac function remained largely unaffected. Mean flow velocities in different
blood vessels before and after milrinone therapy (Table 1).

Blood vessels Mean flow velocities before milrinone
administration

Mean flow velocities after milrinone
administration

Left middle cerebral artery 220 cm/sec 171 cm/sec

Right middle cerebral
artery 204 cm/sec 156 cm/sec

Right anterior cerebral
artery 191 cm/sec 136 cm/sec

Left anterior cerebral artery 89 cm/sec 84 cm/sec

Basilar artery 102 cm/sec 63 cm/sec

TABLE 1: Mean flow velocities
Mean flow velocities in different blood vessels before and after milrinone therapy

His cardiac output, as monitored on FloTrac (Edwards Lifesciences, Irvine, CA, US), remained unchanged at
7.8 L/min with a stroke volume variability (SVV) of 6%. Electrocardiography (ECG) was normal and cardiac
troponin testing was negative. Magnetic resonance imaging (MRI) of the brain showed the known SAH and
ICH with ischemia in the left MCA territory as a result of vessel clipping. There were no areas of ischemia.
Over the next few days, his neurological examination remained poor. The family ultimately withdrew care.
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Discussion
First-line therapies for managing cerebral vasospasm in patients with SAH aim at improving cerebral blood
flow. Historically accepted therapies have included blood pressure augmentation and hypervolemia [5-6].
Although frequently used, these therapies are not associated with improved outcomes and can result in
significant morbidity due to complications such as pulmonary edema, myocardial ischemia, hyponatremia,
renal medullary washout, in-dwelling catheter-related complications, cerebral hemorrhage, and cerebral
edema [5-8]. Hypervolemic therapy has the potential to reduce brain tissue oxygenation [7-8]. Induced
hypertension has also been recently questioned. A randomized clinical trial evaluating the effectiveness of
induced hypertension in SAH patients with delayed cerebral ischemia reported a risk ratio for poor outcome
of 1.0 and a risk ratio for serious adverse events of 2.1 in patients randomized to induced hypertension as
compared to those with no hypertension. This study concluded that induced hypertension may lead to
significant clinical side effects [9].

National guidelines currently recommend maintaining euvolemia as a means to prevent delayed cerebral
ischemia [10-11]. Augmenting cerebral blood flow by manipulating cerebral perfusion pressure is often
attempted by increasing mean arterial pressure (MAP) [12]. This approach is not as effective when there is an
increase in vascular resistance. Methods directly targeting vascular resistance may also be necessary. The
calcium-channel antagonist nimodipine has repeatedly been shown to improve neurologic outcomes after
aneurysmal SAH; however, it has not been shown to decrease radiographic vasospasm [13-14]. Other
vasodilators, such as magnesium, have been studied but have not improved outcomes [15-16].

Recent studies have reported rapid neurological and angiographic improvement in cerebral vasospasm with
the use of phosphodiesterase inhibitor-based vasodilators [4]. Milrinone is a phosphodiesterase 3 inhibitor
that combines vasodilatory and inotropic properties by increasing adenosine 3′,5′-cyclic monophosphate or
cyclic AMP (cAMP) in the cytosol of vascular smooth muscle cells and cardiomyocytes [17]. The mechanism
of action of milrinone in improving cerebral vasospasm is somewhat controversial, with some authors citing
augmented cerebral microcirculation and others attributing efficacy to an increase in cardiac output [18].
Studies have also reported an anti-inflammatory action in milrinone [19]. In our study, cardiac output was
normal prior to initiating milrinone and remained unchanged during IV milrinone therapy, suggesting that
the effect on vasospasm treatment is not secondary to cardiac output, thus supporting the microcirculation
theory.

In a study assessing the efficacy of intra-arterial milrinone in 22 patients with angiographically proven
cerebral vasospasm, milrinone therapy resulted in a 53 ± 37% increase in arterial diameter (P<.0001). In that
study, milrinone infusion was associated with a moderately increased heart rate with systemic arterial
pressure being unchanged [17]. Another study based on the review of 88 patients diagnosed with delayed
ischemic neurologic deficits after SAH concluded that using IV milrinone and maintaining homeostasis
require less intensive monitoring than standard hypertension, hemodilution, and hypervolemia therapy. No
significant side effects or medical complications were reported with IV milrinone use. A total of 48.9 % of
patients returned to their previous baseline, and 75 % of patients had good functional outcomes [4]. Our
case highlighted the improvement in the TCD mean flow velocities following IV milrinone therapy.

Despite numerous studies showing the potential benefits of milrinone therapy in the reversal of cerebral
vasospasm, a randomized controlled study to validate its use in vasospasm and delayed cerebral ischemia is
yet to be performed. The mechanism of action of milrinone and its benefit to morbidity and mortality in this
application remain unclear.

Conclusions
Our case is one of the first to highlight sonographic improvement in vasospasm after initiating intravenous
milrinone in a subarachnoid hemorrhage patient without a change in cardiac output. This suggests that the
mechanism of improvement in vasospasm is not due to cardiac augmentation.
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Disclosures
Human subjects: Consent was obtained by all participants in this study. MU Institutional Review Board
issued approval Verbally obtained. Informed consent verbally obtained. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

2018 Katyal et al. Cureus 10(7): e2916. DOI 10.7759/cureus.2916 4 of 5



1. Roos YB, De Haan RJ, Beenen LF, Groen RJ, Albrecht KW, Vermeulen M: Complications and outcome in
patients with aneurysmal subarachnoid haemorrhage: a prospective hospital based cohort study in the
Netherlands. J Neurol Neurosurg Psychiatry. 2000, 68:337-341. 10.1136/jnnp.68.3.337

2. Hijdra A, Van Gijn J, Stefanko S, Van Dongen KJ, Vermeulen M, Van Crevel H: Delayed cerebral ischemia
after aneurysmal subarachnoid hemorrhage. Clinicoanatomic correlations. Neurology. 1986, 36:329-333.
10.1212/WNL.36.3.329

3. Vergouwen MD, Vermeulen M, van Gijn J, et al.: Definition of delayed cerebral ischemia after aneurysmal
subarachnoid hemorrhage as an outcome event in clinical trials and observational studies: proposal of a
multidisciplinary research group. Stroke. 2010, 41:2391-2395. 10.1161/STROKEAHA.110.589275

4. Lannes M, Teitelbaum J, del Pilar Cortes M, Cardoso M, Angle M: Milrinone and homeostasis to treat
cerebral vasospasm associated with subarachnoid hemorrhage: the Montreal Neurological Hospital protocol.
Neurocrit Care. 2012, 16:354-362. 10.1007/s12028-012-9701-5

5. Lee KH, Lukovits T, Friedman JA: Triple-H" therapy for cerebral vasospasm following subarachnoid
hemorrhage. Neurocrit Care. 2006, 4:68-76. 10.1385/NCC:4:1:068

6. Egge A, Waterloo K, Sjøholm H, Solberg T, Ingebrigtsen T, Romner B: Prophylactic hyperdynamic
postoperative fluid therapy after aneurysmal subarachnoid hemorrhage: a clinical, prospective, randomized,
controlled study. Neurosurgery. 2001, 3:593-605. 10.1097/00006123-200109000-00012

7. Muench E, Horn P, Bauhuf C, et al.: Effects of hypervolemia and hypertension on regional cerebral blood
flow, intracranial pressure, and brain tissue oxygenation after subarachnoid hemorrhage. Crit Care Med.
2007, 35:1844-1851. 10.1097/01.CCM.0000275392.08410.DD

8. Lennihan L, Mayer SA, Fink ME, et al.: Effect of hypervolemic therapy on cerebral blood flow after
subarachnoid hemorrhage: a randomized controlled trial. Stroke. 2000, 2:383-391. 10.1161/01.STR.31.2.383

9. Gathier CS, van den Bergh WM, van der Jagt M, et al.: Induced hypertension for delayed cerebral ischemia
after aneurysmal subarachnoid hemorrhage: a randomized clinical trial. Stroke. 2018, 49:76-83.
10.1161/STROKEAHA.117.017956

10. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, et al.: Guidelines for the management of aneurysmal
subarachnoid hemorrhage: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2012, 43:1711-1737. 10.1161/STR.0b013e3182587839

11. Diringer MN, Bleck TP, Hemphill JC 3rd, et al.: Critical care management of patients following aneurysmal
subarachnoid hemorrhage: recommendations from the Neurocritical Care Society's Multidisciplinary
Consensus Conference. Neurocrit Care. 2011, 15:211-240. 10.1007/s12028-011-9605-9

12. Reynolds MR, Buckley RT, Indrakanti SS, et al.: The safety of vasopressor-induced hypertension in
subarachnoid hemorrhage patients with coexisting unruptured, unprotected intracranial aneurysms. J
Neurosurg. 2015, 4:862-871. 10.3171/2014.12.JNS141201

13. Dorhout Mees SM, Rinkel GJ, Feigin VL, Algra A, van den Bergh WM, Vermeulen M, van Gijn J: Calcium
antagonists for aneurysmal subarachnoid haemorrhage. Cochrane Database Syst Rev. 2007, 18.
10.1002/14651858.CD000277.pub3

14. Allen GS, Ahn HS, Preziosi TJ, et al.: Cerebral arterial spasm - a controlled trial of nimodipine in patients
with subarachnoid hemorrhage. N Engl J Med. 1983, 11:619-624. 10.1056/NEJM198303173081103

15. Durrant JC, Hinson HE: Rescue therapy for refractory vasospasm after subarachnoid hemorrhage . Curr
Neurol Neurosci Rep. 2015, 15:521. 10.1007/s11910-014-0521-1

16. Vergouwen MD, Algra A, Rinkel GJ: Endothelin receptor antagonists for aneurysmal subarachnoid
hemorrhage: a systematic review and meta-analysis update. Stroke. 2012, 43:2671-2676.
10.1161/STROKEAHA.112.666693

17. Fraticelli AT, Cholley BP, Losser MR, Saint Maurice JP, Payen D: Milrinone for the treatment of cerebral
vasospasm after aneurysmal subarachnoid hemorrhage. Stroke. 2008, 39:893-898.
10.1161/STROKEAHA.107.492447

18. Baumann A, Derelle AL, Mertes PM, Audibert G: Seeking new approaches: milrinone in the treatment of
cerebral vasospasm. Neurocrit Care. 2012, 16:351-353. 10.1007/s12028-012-9718-9

19. Muroi C, Seule M, Mishima K, Keller E: Novel treatments for vasospasm after subarachnoid hemorrhage .
Curr Opin Crit Care. 2012, 18:119-126. 10.1097/MCC.0b013e32835075ae

2018 Katyal et al. Cureus 10(7): e2916. DOI 10.7759/cureus.2916 5 of 5

https://dx.doi.org/10.1136/jnnp.68.3.337
https://dx.doi.org/10.1136/jnnp.68.3.337
https://dx.doi.org/10.1212/WNL.36.3.329
https://dx.doi.org/10.1212/WNL.36.3.329
https://dx.doi.org/10.1161/STROKEAHA.110.589275
https://dx.doi.org/10.1161/STROKEAHA.110.589275
https://dx.doi.org/10.1007/s12028-012-9701-5
https://dx.doi.org/10.1007/s12028-012-9701-5
https://dx.doi.org/10.1385/NCC:4:1:068
https://dx.doi.org/10.1385/NCC:4:1:068
https://dx.doi.org/10.1097/00006123-200109000-00012
https://dx.doi.org/10.1097/00006123-200109000-00012
https://dx.doi.org/10.1097/01.CCM.0000275392.08410.DD
https://dx.doi.org/10.1097/01.CCM.0000275392.08410.DD
https://dx.doi.org/10.1161/01.STR.31.2.383
https://dx.doi.org/10.1161/01.STR.31.2.383
https://dx.doi.org/10.1161/STROKEAHA.117.017956
https://dx.doi.org/10.1161/STROKEAHA.117.017956
https://dx.doi.org/10.1161/STR.0b013e3182587839
https://dx.doi.org/10.1161/STR.0b013e3182587839
https://dx.doi.org/10.1007/s12028-011-9605-9
https://dx.doi.org/10.1007/s12028-011-9605-9
https://dx.doi.org/10.3171/2014.12.JNS141201
https://dx.doi.org/10.3171/2014.12.JNS141201
https://dx.doi.org/10.1002/14651858.CD000277.pub3
https://dx.doi.org/10.1002/14651858.CD000277.pub3
https://dx.doi.org/10.1056/NEJM198303173081103
https://dx.doi.org/10.1056/NEJM198303173081103
https://dx.doi.org/10.1007/s11910-014-0521-1
https://dx.doi.org/10.1007/s11910-014-0521-1
https://dx.doi.org/10.1161/STROKEAHA.112.666693
https://dx.doi.org/10.1161/STROKEAHA.112.666693
https://dx.doi.org/10.1161/STROKEAHA.107.492447
https://dx.doi.org/10.1161/STROKEAHA.107.492447
https://dx.doi.org/10.1007/s12028-012-9718-9
https://dx.doi.org/10.1007/s12028-012-9718-9
https://dx.doi.org/10.1097/MCC.0b013e32835075ae
https://dx.doi.org/10.1097/MCC.0b013e32835075ae

	Improvement in Sonographic Vasospasm Following Intravenous Milrinone in a Subarachnoid Hemorrhage Patient with Normal Cardiac Function
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Computed tomography (CT) of the head
	FIGURE 2: Transcranial Doppler (TCD) waveforms
	TABLE 1: Mean flow velocities

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


